The prevalence and risk factors of gangrenous cholecystitis in male are unknown. Objective: To verify the prevalence and risk factors of gangrenous cholecystitis in males. Methods: This cross-sectional study includes 95 patients (59.5±17.1 years), with clinical and histopathological diagnosis, operated laparoscopically on 2012-2016. Eligibility was decided based on the variables of age; tachycardia (＞100 bpm); leukocytosis (＞10,000/mm 3 ); Murphy's sign; gallbladder wall thickness (＞4 mm); biochemical tests, morbidities (diabetes, alcoholism, smoking) and mortality. Multivariate regression, the chi-squared and Prevalent Chances Ratio (PCR) were used to define a few parameters. Results: The prevalence of gangrenous cholecystitis in men older than 50 years was 29.3%. The risk factors for the disease were as follows: diabetes mellitus (p=0.006, RCP=4.191), leukocytosis (p=0.003), gallbladder thickness greater than 4 mm (p=0.035, RCP=3.818), which increased mortality [(p=0.04) (RCP=8.001)]. Murphy's sign showed a negative association (p=0.002, RCP=0.204). Values close to significance were observed in relation to gamma glutamyl transferase (p=0.083, RCP=3.125) and hospital stay (p=0.061, RCP=2.765). Conclusions: Male gender, and age older than 50 years, were correlated with a high prevalence of necrosis, higher than that reported in females. The risk factors for developing necrosis are the same as those described for female patients. 
INTRODUCTION
Gangrenous cholecystitis (GC) is defined as gallbladder necrosis and perforation because of progressive inflammation and infection, which impairs the arterial wall supply, leading to wall ischemia. It represents a serious complication of acute cholecystitis (AC), with an estimated prevalence of 2% to 20%, following the advent of laparoscopy. A recent study, which evaluated 141,970 cholecystectomies, identified 7017 patients presenting with GC. The 30-day mortality and overall complications rates were 1.2% and 10.8%, respectively. [1] [2] [3] [4] The pathophysiology of gallbladder wall inflammation involves impacted calculus in the infundibulum or the cystic duct, followed by secondary bacterial infection (Enterobacteriaceae) from splanchnic lymphocytes. 5 These features allow AC diagnosis at different stages of severity, including local and diffuse complications (with or without organic dysfunction). 4, 5 Early diagnosis should be a constant priority to prevent sepsis or septic shock. In these cases, hemodynamic stabilization and antibiotics are warranted and operative treatment is mandatory. 5, 6 Abdominal ultrasonography (USG) is the first-choice imaging modality for AC diagnosis. The findings of gallstones, gallbladder wall thickness and Murphy's sign on USG show a high predictive value for AC diagnosis (95%). However, in the presence or clinical suspicion of complications or diagnostic uncertainty, abdominal computed tomography (CT) is recommended. 6, 7 Risk factors for the development of gallbladder necrosis may include advanced age, sex, fever, leukocytosis, increased C-reactive protein (CRP) levels, and thrombocytopenia. Biochemical abnormalities, total parenteral nutrition, fasting, diabetes mellitus (DM), coronary artery disease, chronic obstructive pulmonary disease (COPD), cardiovascular accident, trauma, obesity, thickening of the gallbladder wall and/or pericholecystic fluid detected by USG, impacted calculus in the infundibulum, and sepsis are other risk factors. [8] [9] [10] [11] [12] [13] [14] Although the treatment of GC patients is similar to that of patients with AC, increased risks of postoperative complications, morbidity and mortality were detected in the first group. Terho et al. 4 identified age higher than 65 years, male sex, impaired renal function and conversion to laparotomic approach as risk factors for complications. 4, 15 It is also known that early operative treatment (24-72 h)
is the best option in both conditions, although the latter is still the preferred choice up to 7 days after the onset of symptoms (acute illness). 5, 6 It is noteworthy that the findings were derived from studies reporting patients of both sexes, suggesting bias.
The results were based on analyses with a greater proportion of women, and do not reflect the prevalence of the disease in males accurately. Thus, our research is unique in that it evaluated whether or not the prevalence and risk factors in the male sex were similar to those observed in current publications. 
Statistical analysis
The variables under investigation were divided into continuous quantitative and qualitative dichotomies. A descriptive and exploratory statistical study was performed using absolute frequencies (n), relative frequencies (%), measures of central tendency (mean), and measures of dispersion (standard deviation). The analysis of the com- Table 1 displays the behavior of the variables studied by univariate analysis. Among the patients who developed gallbladder necrosis, 95.5% manifested leukocytosis; 59.3% presented with positive Murphy's sign; 67.7% showed gallbladder wall thickening ＞4 mm and 11.1% died. Concurrently, 53.3% of the patients showed GGT greater than 45 U/L and 69.2% were hospitalized for more than 24 hours.
RESULTS
The results of the multivariate logistic evaluation are displayed in Table 2 . Nearly one-third (29.3%, n=27) of the patients were diagnosed with GC, and all were greater than 50 years of age. It was also observed that the prevalence of gallbladder necrosis was significant in diabetic patients (p=0.006), an incidence 4.1 times higher than in non-diabetics (RCP=4.191, CI=1.429-12.292).
Similarly, the relationship between GC and gallbladder wall thickness ＞4 mm was significant (p=0.035). It resulted in 3.8-fold greater probability of GC compared with patients showing a thickness ＜4 mm (RCP=3.818, CI= 1.032-14.122). When evaluating the presence of leukocytosis, we found that patients with counts greater than 10,000/mm 3 presented with a significant risk (p=0.003) of GC. Mortality was another significant variable in this series. There were 3 (11.1%) deaths in GC patients, compared with 1 (1.5%) in those without GC. Therefore, the GC patients carried 8-fold greater probability of death (RCP=8.001, p=0.040) ( Table 2 ).
The presence of Murphy's sign showed a negative correlation with GC (p=0.002). Thus, the probability of a non-GC patient presenting with positive Murphy's sign was approximately 80% lower than in patients with GC (RCP=0.204, CI=0.070-0.593).
Biochemically, a GGT below 44 U/L was observed in 7
(46.7%) GC patients with non-GC, compared with 7 patients Table 2 ). The hospitalization time also showed a p-value close to significance (p=0.061) because it depended on the severity of the disease.
Thus, patients diagnosed with GC showed a 2.7-fold higher probability of hospitalization for an extended period (RCP=2.765, CI=0.929-8.229).
The heart rate (HR) did not show a significant association with GC (p=0.25). Thus, the likelihood of a non-GC patient manifested a HR of fewer than 99 bpm is 60% higher than in patients with GC (RCP=0.387, CI=0.073-2.093).
In the analysis of the other associated morbidities (alcoholism and smoking), no significant differences were observed (p=0.24 and p=0.48, respectively).
DISCUSSION
Our investigations showed that for the 95 male patients Ultimately, it can reduce postoperative complications and deaths. 6 Gallbladder necrosis has been diagnosed with a higher prevalence in men. 1, 9, 16, 17 Men are considered to have a higher pain threshold and tend to seek delayed medical attention. Further, repeated undiagnosed subacute inflammation causing anatomical changes in the gallbladder may predispose to complications. 16, 17 The real impact of each variable or its association with the possibility of vesicular necrosis was hard to assess, due to methodological failures observed in most studies.
These failures are in principle conceptual, because the studies represent retrospective database analyses. Moreover, the study highlights the need to define 'leukocytosis', 'HR' and 'histological confirmation' more precisely (ie, 'lack of histological confirmation'), which justify the heterogeneity of the results involving different series.
Although bias remains, it differs from those of other studies because, for the first time, the results are derived exclusively from male patients.
The significant risk factors of GC in this series were as follows: diabetes mellitus, gallbladder thickness ＞4 mm, elevation of GGT and leukocytosis (Table 2) . On the other hand, the presence of Murphy's sign was a protective factor against gallbladder necrosis. Therefore, the combined presence of these factors is a source of confusion for the surgeon, suggesting "disease is observed with the scalpel in hand" since gallbladder necrosis may be already present when the patient is admitted to hospital.
Other authors also refer to age greater 45-50 years 1, 3, 7, 12, [18] [19] [20] and male sex 1, 3, 7, 12, 18, 20 necrosis. 21 In addition, treatment and prognosis may be delayed by such USG changes. 9 In the present study, the parameter demonstrated a significant relationship (p= 0.035) and added 3.8-fold probability to the evolution of GC and therefore, warrant consideration and evaluation via robust studies. . These definitions require standardization as well.
22
Smoking and alcoholism are parameters that have yet to be correlated with gallbladder necrosis. However, Ganapathi et al. 2 concluded that both factors were significant in the development of vesicular necrosis. Despite analytical discrepancies, since the study includes only males affected with AC, the low prevalence of these associated morbidities may have interfered with the result.
Finally, another significant finding was the positive correlation between GC and death rate, which increased 8-fold (p=0.040). This result is in line with other published results, which also found an increase in GC-related mortality, when compared with AC without necrosis. 19, 20 The study included only patients classified under grade two or three according to Tokyo guidelines. However, we
were not interested in stratifying them, because our main objective was the gangrenous event. The stratification of patients will enrich the study, especially in the evaluation of mortality, which occurred in three (about 11%) complicated cases. The first patient was a male in his 80s and 
